Assessment of biodiversity is fundamental for the understanding of ecological interactions, but fish parasites were neglected in biodiversity estimates for a long time. The aim of this paper was to investigate the diversity of parasites in Satanoperca jurupari in the Amazon River system in Brazil. Of the fish examined, 90.0% were parasitized by one or more species of protozoans and metazoans, and a total of 3,110,094 parasites were collected. Ichthyophthirius multifiliis, Piscinoodinium pillulare, Sciadicleithum juruparii, Clinostomum marginatum, Posthodiplostomum sp., Genarchella genarchella, Argulus multicolor and Ergasilus coatiarus were found. However, I. multifiliis and P. pillulare were the most prevalent, abundant and dominant parasites, while A. multicolor and G. genarchella were the least prevalent and abundant parasites. The parasites had an aggregate dispersion, but E. coatiarus and the endoparasite species had a higher aggregation pattern. The species richness of parasites varied from 1 to 8 species per host, the Brillouin index varied from 0.32 to 1.09 and evenness varied from 0.01 to 0.47. The host size did not influence the diversity indices and the abundance of parasites, which did not affect the body condition of the hosts. Satanoperca jurupari is a new host for G. genarchella. 
INTRODUCTION
In the Amazon River system, the climatic and topographic diversity, the aquatic biodiversity and the surplus of precipitation are reflected in the large variety of wetlands. Most rivers are accompanied by large fringing floodplains of different shapes and vegetation covers, according to flood regime and regional climate. Consequently, the floodplains are important habitats for various native fish, as they provide feeding and nursery areas. The Amazon basin is a center of diversity for most groups of Neotropical fish, with accordingly high levels of species richness of fish, as well as aquatic invertebrates and macrophytes, which could influence the abundance of parasites in fish. This Amazon River has diverse tributaries draining its water levels, which vary enormously during the year (Albert and Reis 2011; Junk 2013) , including the Igarapé Fortaleza hydrographic basin, in the region of the state Amapá (northern Brazil).
The Igarapé Fortaleza basin, an important tributary located in the estuarine coastal sector, is characterized by having a river system with extensive floodplains, constituting physical systems with a clogged river, which is drained by freshwater and connected to a main watercourse, influenced by high rainfall and 12-hour tides from the Amazonas River (TavaresDias et al. 2014) . In this tributary of the Amazon River system, there are more than 16 native Cichlidae species among 80 species of freshwater fish (Gama and Halbolth 2004) .
Satanoperca jurupari Heckel, 1840 is a cichlid species with a wide distribution in the Amazon River system, in Brazil, Peru, Ecuador, Colombia and French Guyana (Kullander 2003; Froese and Pauly 2016) . This ornamental fish is omnivorous and eats microcrustaceans, fruit seeds, grasses and small fish, as well as aquatic and terrestrial insect larvae. Moreover, this is a fish that digs into the muddy substrate looking for food (Froese and Pauly 2016) , a behavior that gives it the popular name of earth-eating devilfish. This cichlid can reach 25 cm in total length, has multiple spawns and parental care, and does not perform migration to reproduce (Santos et al. 2004; Soares et al. 2011; Queiroz et al. 2013; Froese and Pauly 2016) . Satanoperca jurupari has been known to be infected by ectoparasites such as Argulus multicolor, Sciadicleithrum satanopercae, Sciadicleithrum edgari, Sciadicleithrum juruparii and endoparasites such as Procamallanus (Spirocamallanus) rarus, Procamallanus (Spirocamallanus) sp., Raphidascaris (Sprentascaris) lanfrediae, Pseudoproleptus sp., Anisakidae gen. sp. and Neoechinorhynchus (Neoechinorhynchus) paraguayensis (Malta 1984; Yamada et al. 2009; Melo et al. 2011a,b; Melo et al. 2012a,b; Paschoal et al. 2016) . However, despite its economic importance as an ornamental species, the parasite community of S. jurupari has not been studied in detail.
Many parasite species have life cycles that involve transmission through a trophic chain of intermediate and definitive host species. Hence, each parasite species in a parasite community in a host population will reflect the presence of various organisms in the environment that support the parasite's life cycle. Therefore, close interactions between fish host characteristics (size, age, sex, food habit, trophic level, life mode, density, etc.), the environment (temperature, climate, season, etc.) , and the level of parasite infection have been well documented in diverse fish species from a variety of habitats (Poulin and Fitzgerald 1987; Rohde et al. 1995; Mamani et al. 2004; Marcogliese et al. 2006; Lopes et al. 2009; Violante-González et al. 2009; Rohlenová et al. 2011; Bittencourt et al. 2014; Tavares-Dias et al. 2014, Alcântara and Chapman et al. 2015) . However, there are only a few studies on the parasite communities and diversity in fish from the Amazon. Such studies will increase the knowledge on the rich aquatic biodiversity of this large ecosystem. In this way, this first study investigated the protozoan and metazoan parasite communities of a S. jurupari population of a tributary from the Amazon River system, in the north of Brazil. The gills, nostrils, opercula and mouth cavity of the fish were examined to ascertain whether any protozoan and metazoan parasites were present. The gastrointestinal tract was removed and examined to collect endoparasites. Previously methodological techniques were used to collect, fix, conserve, count and stain the ectoparasites for identification (Eiras et al. 2006; Justine et al. 2012) . Protozoan parasites were counted in a Sedgewick-Rafter counting chamber. To analyze the parasite infracommunities, the ecological terms used were those recommended by Bush et al. (1997) .
MATERIAL AND METHODS

Fish and parasite sampling
The following descriptors for the parasite community were calculated: the species richness, the Brillouin diversity index (HB), evenness (E) in association with diversity index, the Berger-Parker dominance index (d) and the dominance frequency (percentage of the infracommunities in which a parasite species is numerically dominant) (Rohde et al.
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All fish were weighed (g) and measured for total length (cm), and then necropsied for parasitological analysis. Body weight (Wt) and total length (Lt) were used to calculate the relative condition factor (Kn) of hosts, which was compared to the standard value (Kn = 1.00) using the t-test. Body weight (Wt) and total length (Lt) were used to calculate the relative condition factor (Kn) of fish and the length-weight relationship (W = aL b ) after the logarithmic transformation of length and weight and subsequent adjustment of two straight lines, obtaining lny = lnA + Blnx (Le Cren 1951). The Spearman correlation coefficient (rs) was used to determine possible correlations of parasite abundance with the length, weight, Kn, the parasite species richness and the Brillouin diversity of the hosts (Zar 2010 Parasitic diversity of a wild Satanoperca jurupari population, an ornamental cichlid in the Brazilian Amazon ACTA AMAZONICA
RESULTS
In this study, 90.0% of the fish examined had the gills and intestine parasitized by one or more species. A total of 3,110,094 parasites were collected. The parasitic communities consisted of species of Protozoa, Crustacea, Monogenoidea, Acanthocephala, Nematoda and Digenea. However, the protozoans Ichthyophthirius multifiliis (Ciliophora) and Piscinoodinium pillulare (Dinogflagellida) were the most prevalent, abundant and dominant parasites. Among the helminths, Sciadicleithum juruparii (Dactylogyridae), Clinostomum marginatum (Clinostomidae) and Posthodiplostomum (Diplostomidae) were the most prevalent and abundant species, while Genarchella genarchella (Derogenidae) was the least prevalent and abundant species. Among the crustaceans, Argulus multicolor (Argulidae) was the least prevalent and abundant species. Acanthocephalans Gorytocephalus spectabilis (Neoechinorhynchidae) were found in larval and adult stage (Table 1 ). These main parasites had an aggregated dispersion, which was higher for Ergasilus coatiarus (Ergasilidae) and endoparasites (Table 2 ).
There was a low species richness of parasites, low Brillouin index and low evenness. Species diversity characterized by the Berger-Parker index expresses the proportional abundance of the most abundant species, i.e. I. multifiliis (Table 3) Pinto et al. 2015; Chapman et al. 2015) . The presence of a great diversity of parasites depends on the host species and on other factors related to the host and environment. Satanoperca jurupari in this study presented a diverse community of ectoparasites belonging to seven protozoan and metazoan species (two Protozoa, two Crustacea, one Monogenoidea and two Digenea), as well as four endoparasite species (one Acanthocephala, one Nematoda and two Digenea), which had an aggregated dispersion. Therefore, at both the component and infracommunity levels, a low diversity of helminths was found in S. jurupari. Similarly, a diversity of ectoparasite and endoparasite communities were reported for Aequidens tetramerus ), a cichlid species from the same region of the current study. Omnivorous fish as these two cichlid species occupy a low position in the food web, thereby presenting a low diversity of endoparasites.
Variations in endoparasite communities and diversity may be determined by variables such as a shift in host diet or the volume of food consumed, ontogenetic changes in immunocompetence, modification in the probability of contact with and infection efficiency of potential intermediate hosts, and parasite life-history strategies. Moreover, parasites and intermediate host invertebrates may respond to environmental changes in different ways from individual to community and infracommunity level (Poulin and Fitzgerald 1987; Rohde et al. 1995; Violante-González et al. 2009; Rohlenová et al. 2011; Tavares-Dias et al. 2014, Alcântara and Pinto et al. 2015; Chapman et al. 2015) . Therefore, most of these factors may be related to the community structure of parasites in our population of S. jurupari.
Most ectoparasite species were found at high prevalence and low mean abundance of infection in S. jurupari. Due to the complex relationship between parasites and the environment, initially the parasite attempts to establish itself in the host while the latter resists the infection via its defense mechanisms. Consequently, host susceptibility and resistance will determine whether the infection becomes established or not. Changes in parasite abundance with monoxenic life cycle have been generally considered to be influenced by both the environment and biotic factors (Poulin and Fitzgerald 1987; Rohde et al. 1995; Marcogliese et al. 2006; ViolanteGonzález et al. 2009; Rohlenová et al. 2011; Tavares-Dias et al. 2014, Alcântara and . For example, monogeneans and protozoans are good indicators of water quality, because they typically infest fish gills and skin, and are exposed to the environment throughout their monoxenic life cycle Chapman et al. 2015; Alcântara and Tavares-Dias 2015) . Our results indicate that the species composition and species richness of ectoparasites were higher than those for endoparasites. In addition, these Table 3 . Descriptors of diversity for parasite communities of Satanoperca jurupari from Igarapé Fortaleza, Eastern Amazon (Brazil).
Diversity indices Mean ± SD Range
Species Richness of parasites 3.0 ± 2.3 1-8
Brillouin ( 
DISCUSSION
Fish populations act as hosts for a large number of parasitic taxa with varied strategies in their life cycle, whether direct or indirect (Poulin and Fitzgerald 1987; Rohde et al. 1995; Mamani et al. 2004; Marcogliese et al. 2006; Lopes et al. 2009; Violante-González et al. 2009; Rohlenová et al. 2011; Bittencourt et al. 2014 (Chapman et al. 2015) . Moreover, metacercariae may dominate the metazoan parasite fauna of forage fish populations (Marcogliese et al. 2006) . In S. jurupari, Posthodiplostomum metacercariae were the digenean ectoparasites with relatively higher prevalence and abundance than digenean endoparasites C. marginatum, G. genarchella and Posthodiplostomum sp. Moreover, there was a low prevalence and abundance of acanthocephalans G. spectabilis and nematodes Icthyouris sp. These digenean, nematode and acanthocephalan species have also parasitized other cichlid species of the region (Bittencourt et al. 2014; Tavares-Dias et al. 2014) , except G. genarchella. The transmission of these parasites, both in active and passive transmission forms, is by means of the availability of primary intermediate hosts (snails or crustaceans). The food source of S. jurupari consists of microcrustaceans, fruit seeds, grasses, small fish, aquatic and terrestrial insect larvae (Santos et al. 2004; Soares et al. 2011; Queiroz et al. 2013; Froese and Pauly 2016) , besides snails. Therefore, the preferred food items of S. jurupari may favor the acquisition of these helminthes in the area. Although information on primary intermediate host populations (snails and crustaceans) was not included as a variable in this study, our data are sufficient to provide insights into the potential effect of these invertebrates on host-parasite-environment systems, as has been previously suggested by various studies (Marcogliese et al. 2006; Lopes et al. 2009; Violante-González et al. 2009; Rohlenová et al. 2011; Tavares-Dias et al. 2014, Alcântara and Chapman et al. 2015) .
Satanoperca jurupari had relatively high prevalence and low abundance of E. coatiarus, ergasilid ectoparasites that infect freshwater cichlids (Luque et al. 2013; . However, A. multicolor has no parasitic specificity, because it is a common branchiuran species infecting many fish from the Amazon River system (Luque et al. 2013; Tavares-Dias et al. 2015) . Low prevalence and abundance of A. multicolor were also reported for Pseudoplatystoma punctifer and Pseudoplatystoma tigrinum (Mamani et al., 2004; Lopes et al. 2009 ). However, Araújo and Varella (1998) described a higher prevalence and abundance of E. coatiarus for Cichla monoculus. Although many branchiurans and ergasilid species are known by their frequent switching of hosts, due to low host specificity, there are other factors that may also influence this parasite-host relationship more than phylogenetic similarity, e.g., ecological factors such as behavior and life style of the host (Mamani et al. 2004; Tavares-Dias et al. 2015) .
The body size of the host population has been widely used to determine its influence on parasitic ecological and community descriptors, due to their negative or positive correlation with these factors (Rohde et al. 1995; Mamani et al. 2004; Lopes et al. 2009; Tavares-Dias et al. 2014; TavaresDias et al. 2015) . For S. jurupari, there was an absence of the body size correlation with the ecological and community descriptors, as well as with the parasite abundance. This may be an indication that the length and body mass of this host, do not in fact exert an influence over the variation of the parasite infracommunities, as also reported for other hosts (Poulin and Fitzgerald 1987; Alcântara and Tavares-Dias 2015) .
CONCLUSIONS
The component community of S. jurupari was characterized by low species richness, low uniformity and high diversity of parasites. The infracommunities of parasites were not influenced by the host size and showed an aggregate dispersion pattern. Therefore, the main factors structuring the parasite infracommunities were the same ones responsible for structuring the component community. These factors are the hosts feeding behavior and availability of infective forms, which structured the infracommunities of endoparasites through the accumulation of digenean metacercariae, nematode larvae, and acanthocephalans. Moreover, this fish is both an intermediate and definitive host for helminths. The presence of digenean larvae suggests that this host fish is part of the diet of fish at the top of the food web, as well as of aquatic birds that eat fish.
